The optical sectioning property of the confocal microscope arises from the use of a physical obstruction which prevents light originating in out-of-focus planes from reaching the photodetector (Wilson & Sheppard, 1984; Wilson, 1990) . In most single point systems a pinhole or slit aperture is used as the obstruction. These instruments require laser illumination and the confocal image is not usually acquired in real time. Real-time confocal images may be obtained in the tandem scanning microscope (Egger & Petrán , 1967; Xiao et al., 1988) without the need to use laser illumination. These instruments consist of many parallel confocal systems each probing a specific point on the object. The pinhole arrays which form these systems are often arranged in Archimedean spirals on a disc. Since it is necessary that the parallel confocal systems do not interact, the pinholes must be spaced far apart. This has two important consequences. The first is that the specimen is sparsely probed and hence the disc must be rotated so as to image the entire specimen. The second consequence of the need to use widely spaced pinholes is that only a small amounttypically of the order of 1%-of the light available for imaging is used. In an attempt to improve the light budget of the real-time confocal microscope, alternative approaches based on aperture correlation techniques have been proposed Wilson et al., 1996) . The light budget of these instruments may be as high as 50% depending on the implementation.
The instruments and development we have described above have all been aimed at producing real-time confocal images using standard microscope illumination systems. In the following we shall relax the requirement that the image formation should be formally equivalent to that of the confocal microscope but merely that it should exhibit optical sectioning. We retain the geometry of the tandem scanning or direct view microscope but introduce an arbitrary intensity transmittance, S(t), for the disc. In order to characterize optical sectioning we consider the image signal from a plane mirror specimen as the microscope is defocused. We follow Wilson & Hewlett (1991) and write this axial response as
where
, the symbol ⊗ denotes the convolution operation and h is the amplitude point spread function. We have elected to work in lateral (t) and axial (u) optical coordinates which are related to real lateral distance (x) and real defocus (z) by
where n sin a denotes the numerical aperture and l the wavelength. We now assume that the mask intensity transmittance is periodic such that Q(t) may be written as a Fourier cosine series
where ñ is the normalized spatial frequency which is related to the actual spatial frequency via ñ ¼ nl/n sin a. If we substitute Eq. (4) into Eq.
(1) and recall that the amplitude point spread function, h, is given by the Fourier transform of the pupil function, P, then
and is cut-off for jqj у 2. It is a straightforward matter to evaluate g(u, jqj) directly but an approximation due to Stockseth (1969) will suffice for our purposes. This gives
, s ¼ jqj(1 ¹ jqj/2) and J 1 (·) denotes the first-order Bessel function of the first kind. We plot g(u, jqj) in Fig. 1 and we see that the function decays with defocus for all values of jqj except jqj ¼ 0. This permits us to rewrite Eq. (5) as
c l gð2u; lñÞ ð 7 Þ from which we see that the axial response will always take the form of a sectioning response due to the second term of Eq. (7) together with a constant offset (McCabe et al., 1996; Fewer et al., 1997; Liang et al., 1997) . The designers of tandem scanning microscopes space their pinholes sufficiently far apart that the second term tends to dominate the first (c 0 ). However, this is at the expense of light budget. Since we cannot design a mask which sets c 0 ¼ 0 because this represents the average value of Q(t), which must be positive, we elect not to try to make the sectioning term dominate in Eq. (7) but rather to recognize that our system will inevitably produce a composite image which is a superposition of a wide-field image together with a sectioning image. Our approach will be to obtain both a composite and a wide-field image from which the sectioned image may be obtained by subtraction. In this sense our system configuration will be similar to that employed in our correlation microscope Wilson et al., 1996) . If we elect to use the simplest possible mask consisting of a single spatial frequency ñ then the optical sectioning axial response, I s (u), given by the second term of Eq. (7), is
which of course depends on the value of ñ chosen. We see that the maximum sectioning strength corresponds to ñ ¼ 1. However, the light budget is reduced at high values of ñ by a factor f (ñ). In order to demonstrate the imaging capabilities of this kind of microscope we built the system of Fig. 2 . The geometry is identical to that of a tandem scanning microscope with the Nipkow disc replaced by an aperture mask. We produced the mask photolithographically by defining 80 mm lines on a 160 mm pitch in aluminium on a Perspex disc (Fig. 3) . The transmittance was either zero or unity and the lines were orientated such that when the disc was rotated they essentially caused the one-dimensional grid to scan and rotate across the object. This orientation of the grid lines has the advantage of minimizing the slight asymmetry in the imaging which could have been produced by scanning a one-dimensional grid in one direction only across the object. Since it is necessary to subtract a conventional image from the composite image to obtain the optically sectioned image we also provided a blank sector on the disc to produce the conventional image. The system consisted of a standard 50-W lamp together with a narrow-band green filter (l ¼ 546 nm, Dl ¼ 10 nm). A simple CCD camera was used to capture both the composite and the conventional images. Our image capture system consisted of a PC together with a Matrox meteor imaging board which permitted us to perform real-time subtraction of the composite and widefield images and so display the optically sectioned image and the conventional image simultaneously at TV rate. Figure 4 shows a through-focus series of a portion of a semiconductor wafer. The images were obtained using a 100 × 0·95-NA Olympus MPlanApo objective lens and the images were taken at focal settings 0·8 mm apart.
The left-hand column shows the optically sectioned images and the right-hand column the conventional image. The sectioning capabilities of our system are clearly visible.
The system is equally applicable to other imaging modes and, as an example, we show a Nomarski image in Fig. 5 of a series of 5-mm phase islands on a semiconductor wafer test pattern. The edges and general topography are well resolved.
We have presented a simple method of obtaining typically sectioned images of good quality and light efficiency by using a grid pattern rather than an array of widely spaced pinholes on a rotating disc. Our approach produces a composite image from which a wide-field image must be subtracted to reveal the optically sectioned image. The use of a one-dimensional grid pattern inevitably results in an asymmetry in the image formation. However, in practice in our configuration the differences are slight and we have obtained images which are similar in substance to pure confocal ones for a wide variety of specimens. Fig. 4 . A through-focus series of a portion of a semiconductor wafer. The left-hand column represent the optically sectioned images whereas the right-hand column shows the corresponding confocal images. The images were taken at focal settings 0·8 mm apart using a 100×, 0·95-NA Olympus MPlanApo objective lens. The image size is 43 mm × 57 mm. 
